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(54) Filtercombiner with broadband branch
(57)  The invention relates to an improved and more
effective way of using narrowband and broadband sys-
tems by decreasing the amount of individual antennas
inclusive feeder cables.

According to the invention it is proposed and used

a filtercombiner which incorporates at least one pass-
band filter (Fqy, Fon) @and at least one stopband filter
(Fop, F3g, F4g) adapted to combine at least one narrow-
band carrier signal with a broadband carrier signal (Fig.

1).
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Description

[0001] The invention relates to a filtercombiner and to
a transceiver unit including such a filtercombiner.
[0002] Filtercombiner are commonly used in narrow-
band systems such as mobile communication systems
like GSM (Global System for Mobile communication)
and TDMA (Time Division Multiple Access) for example.
[0003] In this systems the purpose of the filtercombin-
er is to combine several carriers with different frequen-
cies to one antenna. The big advantage of a filtercom-
biner compared to other combining techniques is the low
insertion loss or in other words the small attenuation ap-
plied on the combined carriers. With ideal components
the insertion loss approaches to zero.

[0004] In practice, these combiners comprise tunable
cavity filters. The tuning range of such tunable filter usu-
ally covers the whole range in which the system is work-
ing. For example, a cavity filter of a GSM900 combiner
can be tuned within the range of 925MHz to 960MHz,
which is the whole transmit band for GSM900 in down-
link direction.

[0005] Since this type of combiner, however, is miss-
ing the possibility to combine a broadband or a multi-
carrier signal, a separate antenna has to be provided for
each broadband or multi-carrier signal. Thus, due to the
steady increasing need for broadband communication
systems, such as CDMA (Code Division Multiple Ac-
cess)-systems, and/or UMTS (Universal Mobile Tele-
communication System)-systems and/or the need for
combining multi-carrier-signals, formed for example by
a TDMA-system, with GSM narrowband signals, the
amount of individual antennas as necessary for cover-
ing the blanket area is correspondingly increasing. Ad-
ditionally, an increasing amount of antennas often spoil
the general impression of building facades.

[0006] Ithas to be noted, that for the following descrip-
tion and the appended set of claims both a broadband
signal and a multi-carrier-signal is in general called a
broadband signal.

[0007] An object of the invention is to provide an im-
proved and more effective way of using narrowband and
broadband systems by decreasing the amount of indi-
vidual antennas as well as their respective feeder ca-
bles.

[0008] The inventive solution of the object is achieved
by a filtercombiner and a transceiver unit according to
claim 1 and 10, respectively.

[0009] According to the invention a filtercombiner is
proposed and used which incorporates at least one
passband filter and at least one stopband filter adapted
to combine at least one narrowband carrier signal with
a broadband signal.

[0010] Consequently the inventive solution provides
a very efficient and effective possibility to add narrow-
band carriers at frequencies unused by an broadband
system to a broadband carrier before the combined fre-
quencies are fed to an common antenna.
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[0011] To provide a very simple and inexpensive fil-
tercombiner it is proposed to realize a passband filter
and a stopband filter (i.e. a notch filter) by use of cavity
filters each of the filters resulting in an arrangement of
single-circuit filters.

[0012] According to preferred embodiments of the in-
vention, especially to de-couple the inputs of the filters
as used, it is proposed to adapt the passband filter for
a respective narrowband carrier signal such that the
center frequency is tuned to said narrow carrier signal
by reflecting and/or isolating the frequency bands of
each other carrier signal to be combined and to provide
for the broadband branch a respective stopband filter,
the center frequency of which is adapted to said pass-
band filter.

[0013] Preferably, all filters are tunable filters to be
tuned within a definable transmit band.

[0014] According to preferred embodiments a trans-
ceiver unit including such a filtercombiner is adapted to
be used to combine carriers of a GSM-system with car-
riers of a TDMA-system or carriers of a GSM-system
with a carrier of a CDMA-system.

[0015] With the inventive approach it is possible even
to use one frequency band for different network systems
by merely using the existing antenna units, i.e. without
an increasing of the amount of the antennas and their
respective feeder-cables. For example, the 850 MHz
frequency band of a TDMA-multi-carrier-system can be
used for a GSM850-system and the 1900 MHz frequen-
cy band of the GSM1900 system may be additionally
used by the UMTS-system. Furthermore, especially
with respect to an UMTS-amplifier having a low degree
of effectiveness the inventive tunable filtercombiner pro-
vides a very useful alternative in comparison with a hy-
bridcombiner, since a hybridcombiner provides a flexi-
bility similar to a filtercombiner in combining different
carriers to one antenna but also causes a loss of at least
about 3dB.

[0016] Further advantages are evident from the fol-
lowing description of the invention in detail, in particular
on the basis of preferred exemplary embodiments, with
reference to the attached drawings, in which:

Fig. 1 schematically shows a first embodiment of a
filtercombiner with a narrowband branch and
a broadband branch according to the inven-
tion,

schematically shows a second embodiment of
a filtercombiner with multiple narrowband
branches and a broadband branch according
to the invention,

shows a conventional filtercombiner,
schematically shows an equivalent circuit dia-
gram of the filtercombiner according to fig. 1,
schematically shows an exemplary application
of the invention concerning a co-siting of a
GSM-system and a TDMA-multi-carrier-sys-
tem, and

Fig. 2

Fig. 3
Fig. 4

Fig. 5
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Fig. 6  schematically shows a second exemplary ap-
plication of the invention concerning a co-siting
of a GSM-system and a CDMA/UMT S-system.

[0017] For the following description it has to be noted

that equal or equally acting components are labeled with
equal reference signs within the figures. Furthermore, it
is assumed that each input port IN4, IN,, IN3 and each
output port OUT is related to a certain impedance, such
as 50Q2 for example as usually in practice, and each port
is matched.

[0018] Prior to a detailed description of preferred ex-
emplary embodiments of the invention, reference firstly
being made to Fig. 3 showing a greatly simplified and
schematic representation of a conventional filtercom-
biner.

[0019] The filtercombiner of Fig. 3 includes two nar-
rowband-branches N and N,, each of which comprises
a passband filter F4 or F,\ that is connected to one
common output OUT. Into each input IN4 and IN, a nar-
rowband carrier is fed to be combined to the common
output OUT. The center frequency of the passband filter
F,\ is adapted to the narrowband carrier that is fed into
branch N, via input IN; and, accordingly, the center fre-
quency of the passband filter F,) is adapted to the nar-
rowband carrier that is fed into branch N, via input IN,.
[0020] As known for a person skilled in the art, for
combining more than two narrowband carriers it is nec-
essary to further add a respective branch having a pass-
band filter for each additional carrier. The outputs of the
additional passband filters are also connected to the
common combiner output.

[0021] Regarding Fig. 1 and 2 exemplary representa-
tions of the inventive approach providing the combina-
tion of at least one narrowband signal with a broadband
signal to a common output OUT.

[0022] The combiner of Fig. 1 includes a narrowband-
branch N with a passband filter F;\ having an input port
IN, adapted to the feeding in of a first narrowband signal
and a broadband-branch B with a filter F,g having an
input port IN, adapted to the feeding in of a broadband
signal.

[0023] According to the above described convention-
al filtercombiner, the center frequency and bandwidth of
filter F, is adapted to the narrowband signal that is fed
into input IN,.

[0024] To make the combinerwork it is necessary that
the inputs IN1 and IN2 are de-coupled or have at least
a certain isolation between each other in the frequency
band of the narrowband carrier and in the frequency
band of the broadband carrier or the occupied frequen-
cies of the multi-carrier signal.

[0025] At the interconnection between narrowband
branch N1, broadband branch B and the line to an an-
tenna via the output OUT, the broadband branch B has
to be isolate for the narrowband signal and the narrow-
band branch has to be isolate for the broadband/multi-
carrier signal.
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[0026] If this condition would be not fulfilled the nar-
rowband signal would meet a parallel circuit of the
broadband branch with the antenna line and the broad-
band/multi-carrier signal would meet a parallel circuit of
the narrowband branch with the antenna line. This par-
allel circuit would cause reflections resulting in approx-
imately 3dB loss. Furthermore, a splitting of the signal
to the antenna and to the broadband/narrowband
branch would cause additional 3dB loss.

[0027] Thus, at the passband frequency of filter Fy
or at least at the frequency band at which the narrow-
band carrier fed into filter F,y is operating filter F,g
should be in a stopband condition, i.e. filter F,g should
be reflective or isolate.

[0028] For the realization of the required de-coupling
of the inputs IN4 and IN, a stopband filter based on a
cavity filter is preferably applied to filter Fog for the
broadband signal. By using a stopband filter as filter F g,
its center frequency and bandwidth is adapted to the
narrowband carrier that is fed into input IN4 and/or to the
center frequency of filter F4y. As a consequence, filter
Fog provides a broadband RF-branch B to the common
output OUT excluding the stopband of filter Fg, i.e. the
passband frequency of the narrowband filter F,y
[0029] A preferred physical realization of the inventive
filtercombiner according to Fig. 1 is schematically de-
picted in Fig. 4. Filter F,y of the narrowband-branch N,
with the input port IN; adapted to the narrowband signal
includes a cavity C4, made of aluminia for example, with
a tunable cavity resonator R of high dielectric ceramic
material and two coupling loops Ly and Lgt to couple
an electromagnetic wave in and out, respectively.
[0030] As usually, the ceramic resonator R itself may
consist of two cylindrical parts, with one part of which
fixed and the other part movably arranged to manipulate
the resonance frequency of the filter. For ensuring a re-
mote tuning of the filter, a stepper motor commonly con-
trols the moving part of the resonator.

[0031] Filter Fog of the broadband-branch B with the
input port IN, adapted to the broadband signal can be
in substantial realized like a "normal” cavity filter, i.e. like
filter F, but without an output and hence operating as
stopband filter F,g with the stopband frequency adapted
to the center frequency of filter F,. The high impedance
atthe resonant frequency offilter F g is transformed into
a low impedance/short by a A/4 line.

[0032] Thus, at the center frequency the length of the
equivalent transmission lines inside the cavities C4 and
C, correspond to A4/4 with A, being the wavelength re-
lated to the center frequency of the narrowband carrier
and outside the cavities to Ay/4, with A5 being the wave-
length related to the center of the entire frequency-band
the combiner is operating. Furthermore, according to
the above assumption, each port is related to 50Q.
[0033] Based on the combiner having two single-cir-
cuit filters F 1\ and F,g for combining a narrowband sig-
nal with a broadband signal to a common output OUT,
as described above, it is further possible to enhance the
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quantity of the narrowband carriers. For each additional
narrowband carrier merely an additional passband filter
respectively stopband (notch) filter is required. The re-
spective additional stopband filter is required to achieve
the de-coupling of the input for the additional narrow-
band carrier with the broadband branch.

[0034] An example of a dual narrowband combiner
with an additional broadband branch is shown in figure
2.

[0035] Regarding that inventive dual narrowband
combiner with a broadband branch, filter F,y with the
input port IN;, adapted to a first narrowband signal and
filter F3g of the broadband branch B as well as filter F,y
with the input port IN, adapted to a second narrowband
signal and filter F,g of the broadband branch B are cor-
responding with each other, i.e. filter Fy and filter F5g
are tuned to the same center frequency as well as filter
Fon and filter Fyp.

[0036] Accordingly, for a further increasing of the
quantity of narrowband carriers, every additional pass-
band filter is connected with its output to the common
combiner output. Its input is the input for the carrier that
has to be added to the common output. The respective
complementary filter for de-coupling reasons, i.e. the
notch filter to be added to the broadband branch is con-
nected in series to the broadband branch. The stopband
of this notch is tuned to the passband of the respective
filter or narrowband carrier. Hence, each additional
notch filter causes an additional gap in the broadband
branch.

[0037] Fig.5and 6 schematically show exemplary ap-
plications of a combined transmitting of two GSM-sig-
nals and a TDMA-multi-carrier-signal and of two GSM-
signals and a CDMA or UMTS-signal, respectively.
[0038] Regarding first the combination of the TDMA-
multi-carrier system with a GSM850 system, the TDMA
and the GSM system according to Fig. 5 both are oper-
ating in the same frequency band of about 869MHz to
894MHz. Just the respective carriers have different fre-
quencies. At a transceiver unit incorporated within a
base station for example, the received carriers of the
TDMA-system are combined to a multi-carrier-system
and amplified before entering the broadband branch B
of the filtercombiner incorporated within that transceiver
unit. Through the two narrowband branches N1 and N2
of the filtercombiner two received GSM carriers are add-
ed at frequencies unused by the TDMA-system. An op-
tional transmit bandpass, having a passband of
869MHz...894MHz, for filtering noise in the receiving
band is used before the combined frequencies are fed
to an antenna of the transceiver unit for further radio
transmitting. The different spectra of the GSM and TD-
MA signals before and of the combined signal after
passing the filtercombiner are depicted in Fig. 5.
[0039] Fig. 6 is depicting the combination of a CDMA
or UMTS System with a GSM System. The CDMA or
UMTS System and the GSM system may operate in
equal (with the respective carriers having different fre-
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quencies) or in different frequency bands. The received
broadband carrier signal of the CDMA-System enters
the broadband branch B of the filtercombiner incorpo-
rated within a transceiver unit. Correspondingly to Fig.
5, through the two narrowband branches N1 and N2 of
the filtercombiner the two received GSM carriers are
added at frequencies unused by the CDMA-system. Ad-
ditionally, an optional transmit bandpass, having an ap-
propriate passband for filtering noise in the receiving
band is used before the combined frequencies are fed
to the antenna of the transceiver unit for further radio
transmitting. The different spectra of the GSM and CD-
MA signals before and of the combined signal after
passing the filtercombiner also are depicted in Fig. 6.
[0040] It should be obvious for a person skilled in the
art, that the exemplary embodiments of the invention as
described with reference to the accompanied figures are
varying with regard to and can be adapted to specific
applications without departing the scope of the inven-
tion.

[0041] For example, the invention also is covering
embodiments, wherein at least two inventive combiners
are cascaded, so that the output of a first combiner is
connected to the input port of the broadband branch of
a second combiner.

Claims

1. Filtercombiner, characterized by at least one pass-
band filter (F,y, F,N) and at least one stopband filter
(Fop, F3g, F4p) adapted to combine at least one nar-
rowband carrier signal with a broadband signal.

2. Filtercombiner of claim 1, comprising for the broad-
band signal a broadband-branch (B) having for
each passband filter (Fqy, Fon) @ respective stop-
band filter (F,g, F3g, F4g), the center frequency of
which is adapted to said passband filter (F4y, Fop)-

3. Filtercombiner of claim 1 or 2, comprising for each
narrowband carrier signal a respective narrow-
band-branch (N4, N,) having a pasaband filter (F 4y,
Fon), the center frequency of which is adapted to
the narrowband carrier fed into said narrowband-
branch (N4, N).

4. Filtercombiner of claim 1, 2 or 3, comprising for
each narrowband carrier signal a respective pass-
band filter (F4y, Foy) reflecting and/or isolating the
frequency band of each of the other,carrier signals.

5. Filtercombiner of any of claims 1 to 4, wherein each
stopband filter (Fyg, F3p, F4g) is connected in series
to the broadband-branch (B).

6. Filtercombiner of any of claims 1 to 5, wherein each
passband filter is a cavity filter (F;y, Foy) @and each
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stopband filter is a cavity filter (Fog, F3g, F4p)-

Filtercombiner of any of claims 1 to 6, wherein each
filter is a tunable filter (F4y, Fon, Fog, F3g, F4p)-

Filtercombiner of any of claims 1 to 7, wherein the
output of each filter (F4n, Fon, Fop, Fags F4g) used
to combine at least one narrowband carrier signal
with a broadband carrier signal is connected to one
common output (OUT).

Filtercombiner, wherein the output (OUT) of a first
filtercombiner of any of claims 1 to 8 is connected
to the input for the broadband signal of a second
filtercombiner of any of claims 1 to 8.

Transceiver unit, characterized by a filtercombiner
according to any of claims 1 to 9.

Transceiver unit of claim 10, adapted to be used in
telecommunication systems.

Transceiver unit of claim 10 or 11, adapted to be
used to combine carriers of a GSM-system with car-
riers of a TDMA-multi-carrier-system.

Transceiver unit of claim 10 or 11, adapted to be
used to combine carriers of a GSM-system with a
carrier of a CDMA-system.
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Fig. 6
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